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EGRESS CLOCK DOMAIN 
SYNCHRONIZATION TO MULTIPLE 

INGRESS CLOCKS 

TECHNICAL FIELD 

0001. The present disclosure relates to synchronizing 
clocks on pluggable interfaces. 

BACKGROUND 

0002. In current optical network transport equipment, 
each line card has multiple interfaces. Each interface can be 
connected to different clients on the ingress side. The trans 
port equipment has the capability of transporting client traffic 
streams that have been generated using different clock 
domains. The transport equipment supports a single system 
reference clock and the egress clients are re-synchronized by 
a single clock. 
0003. Since the transport equipment has a single system 
reference clock, whenever the transport equipment receives 
two or more traffic streams, the transport equipment makes a 
selection of one of the traffic streams as a reference clock and 
all the egress traffic streams are then synchronous with the 
one selected. The clocks from the other traffic streams that are 
not selected are lost for the system because the system does 
not use them. 
0004 Transport network elements typically receive and 
aggregate traffic from a plurality of different clients into a 
single pipe. In this aggregation, the timing transparency is 
lost. At the time of segregation, the information is not accu 
rately decoded because of the loss of the timing information. 
0005 Loss of the timing information has other side effects 
such as adding latency to the overall system efficiency. Cur 
rent systems have to incorporate buffering mechanisms to 
support different clock domains and send signals to the clients 
when the buffers are full. The clients cannot transmit at their 
full capacity and therefore have to wait for the transport 
equipment to be ready before transmitting data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 is a block diagram showing an example of a 
system comprising first and second transport equipment con 
figured to communicate multiple client traffic streams in 
accordance with the techniques described herein. 
0007 FIG. 2 is a block diagram showing an example of the 
components of the first and second transport equipment. 
0008 FIG.3 is a block diagram showing an example of the 
flow of packets through transport equipment at the ingress 
side. 
0009 FIG. 4 is a block diagram of components at the 
ingress side transport equipment that generates timestamp 
information for each clock domain at the ingress side. 
0010 FIG. 5 is a flow chart that generally depicts opera 
tions of generating and sending clock domain information at 
the ingress side. 
0011 FIG. 6 is a block diagram showing an example of the 
flow of packets through transport equipment at the egress 
side. 
0012 FIG. 7 is a block diagram of circuitry at the egress 
side that is configured to select a clock domain for each egress 
interface. 
0013 FIG. 8 is a block diagram of components at the 
egress side transport equipment that recovers a selected clock 
domain for an egress interface. 
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0014 FIG. 9 is a flow chart illustrating operational flow at 
the egress side. 

DESCRIPTION OF EXAMPLE EMBODIMENTS 

Overview 

(0015 Synchronization techniques for multiple clock 
domains from two or more clients or common pluggable 
interfaces connected to multiple interfaces on one or more 
ingress line cards to multiple interfaces on one or more egress 
line cards are provided. The plurality of clock domain infor 
mation from the clients that are connected on the ingress side 
is transmitted to the egress line cards. Two or more egress 
interfaces generate different clocks that are synchronized to 
the multiple clock domains. 

Example Embodiments 

(0016 Referring first to FIG. 1, a system 10 is shown com 
prising client connections through pluggable interfaces. Ref 
erence numerals 100(1), 100(2), ... 100(n) are the different 
client connections connected to an Optical Transport Net 
work (OTN) or a cross connect card (CXC) 110, which is in 
turn connected to first transport equipment 120 and second 
transport equipment 130. Transport equipment 120 and 130 
communicate with each other through system ports (Inter 
laken) 140. For simplicity, the ingress line cards are shown in 
a separate transport equipment than an egress line cards. 
However, a single transport equipment may have both the 
ingress and egress line cards. Similarly the system ports 140 
for Interlaken are shown in a separate block but they may be 
combined with one or more of the transport equipment func 
tionality. Additionally, all the equipment shown in FIG. 1 can 
function in a full duplex mode. Furthermore, for simplicity 
and a simple use case, transport equipment 1 and transport 
equipment 2 are shown to be part of the same system 10. Note 
that transport equipment 1 and transport equipment 2 could 
be part of two different systems and two different parts of the 
network, i.e. one at the client end and one at the far end. 
(0017 Turning now to FIG. 2, the first and second transport 
equipment 120 and 130 are shown in more detail. Each trans 
port equipment 120 and 130 comprises at least one line card 
220. Each line card 220 has two or more interfaces 230(1). 
230(2)... 230(n). Thus, there are line cards 220 at the ingress 
side and line cards 220 at the egress side. 
Some line cards are connected to the clients or common 
pluggable interfaces on the ingress side. Some line cards are 
connected to the egress side. Each transport equipment is 
fully duplex to handle traffic in both directions. A single line 
card may function as both an ingress and an egress line card. 
(0018. According to the techniques described herein, the 
ingress line cards have interfaces that are connected directly 
to clients or common pluggable interfaces that are synchro 
nized with K different clock domains. The interfaces on the 
ingress line cards transmit information representing each of 
the K clock domains. The egress line cards receive informa 
tion of the K clock domains. The egress line cards generate a 
synchronized clock based on the received information Such 
that the synchronized clock on at least one interface of the 
egress line card is different from the synchronized clock on 
another interface of the same or a different egress line card. 
The egress line cards can generate synchronized clocks based 
on each of the K clock domains. 
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0019. When there are simultaneous traffic streams with a 
plurality of clock domains, the egress line cards can synchro 
nize simultaneously to more than one clock domains. As a 
result, the egress line cards no longer have to make a selection 
as to the best clock and discard the timing information con 
tained in the other traffic streams. The egress side can gener 
ate a synchronized clock for each of the multiple interfaces on 
an egress line card from the information for one or more 
interfaces on two different ingress line cards. Moreover, the 
egress side can generate a synchronized clock for each of 
multiple interfaces on two or more egress line cards from the 
information for multiple interfaces on an ingress line card. 
0020. The first transport equipment and the second trans 
port equipment can be configured to transmit information to 
each other using any of a variety of protocols including, 
without limitation: ODUk protocol, non-ODUk protocol, 
optical transport network, Ethernet or Fibre-Channel. Again, 
the techniques described herein are not dependent on any 
particular protocol or packet format used to transmit the infor 
mation. 
0021 Reference is now made to the block diagram of FIG. 
3 that shows an example of flow of packets through transport 
equipment at the ingress side, that is, through transport equip 
ment 120. The ingress side is shown at reference 300 and 
having a plurality of different client connections such as Fiber 
Chanel (FC)-1200 310(1), OTU2e 310(2), 10GE-LAN. 310 
(3), 10GE-WAN 310(4), STM-64. 310(5), OTU2 310(6), 
FC-8G310(7), 100GE 310(8), OTU4310(9), OTU3310(1)0, 
40GE 310(11), STM-256 310(12) and OTU3e310(13). The 
incoming client packets are data packets from different chan 
nels in the optical transport network. Optical Channel Data 
Units (ODU)s are shown at reference numerals 330(1), 330 
(2), ... 330(n). For example, ODUs 330(5) and 330(7) show 
the mapping of Ethernet packets over ODUX. The optical 
networking standards allow for different ways of mapping 
Ethernet packets over ODUx. 
0022. The Transport Equipment 1 120 includes receive 
ports 350(1), 350(2) ... 350(n) and a corresponding plurality 
of Media Access Control (MAC) ports 360(1)-360(n). Each 
of the receive ports may receive a receive clock. The received 
clocks are multiplexed by clock synthesis control logic 380 
that generates and transmits synthesized recovered clocks. 
The received channel from the receive ports 350(1) is coupled 
to the corresponding Media Access Control (MAC) port 360 
(1). Similarly, received channel 350(2) channel is coupled to 
MAC port 360(2) and receive channel 350(n) is coupled to 
MAC port 360(n). The channel data is then aggregated with 
the synthesized recovered clocks for each channel and sent to 
the system ports 140. 
0023 The client connections each transmit clock domain 
information. The frequency of this clock domain is extracted 
after the OTN/CXC 110 and forwarded by the Fabric to the 
appropriate line cards on the Transport Equipment 1. Each 
client data stream includes timestamp in the packets. On a 
periodic basis, the clock synthesis control logic 380 in the 
Transport Equipment 1 sends a client specific packet indicat 
ing the number of received client bits in this time interval 
from all the clients connected to all the line cards. 

0024. Reference is now made to FIG.4, a block diagram of 
components at the ingress side transport equipment that gen 
erates timestamp information for each clock domain at the 
ingress side. The Transport Equipment 1 incorporates the 
functionality described in connection with FIG. 4. The client 
data 400 is received client data from different interfaces on 
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different ingress line cards. The clock synthesis control logic 
380 in the transport equipment recovers the client clock 410 
from the received client data 400. The Transport Equipment 1 
has a single system reference clock 420. A first counter 
(Counter A) 430 is a counter that can be set to reset when it 
counts up to a fixed value. For example, counter 430 can be 
reset at value 256. Counter A defines the periodic time inter 
Val when the transport equipment sends a client specific 
packet indicating the number of client bits received from the 
clients. A second counter (Counter B) 440 counts to a value 
that is stored in a latch counter 450 every time the counter 430 
reaches a value multiplied by the client clock. The client clock 
is monitored with the differential timing information from the 
system reference clock. The count values of counter 440 
values are sent in the client specific packet indicating the 
number of received client bits. 
0025. Additionally based on the clock domain, the trans 
port equipment on both the near end and the far end may 
exchange synchronization signals and Support synchroniza 
tion commands. Sync is a standard for distribution of fre 
quency over Ethernet links. Synch specifications and require 
ments are bounded by four primary standards: (1) ITU-T 
G.8261: Timing and synchronization aspects in packet net 
work (2) ITU-T G.8262: Timing characteristics of Synchro 
nous Ethernet equipment slave clock (3) ITU-T G.8264: Dis 
tribution of timing through packet networks (4) ITU-T G.781: 
Synchronization layer functions. For example, if the transport 
equipment at both ends Supports the Synch standard, then the 
ingress line cards may transmit the Synch signal when it 
exchanges the SSM QL bits. 
(0026. Other standards (such as the IEEE 1588 Precision 
Time Protocol (PTP), IETF Network Time Protocol (NTP), 
etc.) have been and are being developed or enhanced for 
high-quality time distribution and Adaptive Clock Recovery 
(ACR) requirements. The techniques disclosed herein are 
compatible with the standards in the industry and not limited 
to any particular standards implementation. 
(0027. Reference is now made to FIG. 5 showing a flow 
chart that generally depicts operations of generating and 
sending clock domain information at the ingress side. At 500, 
the control logic in the transport equipment on the ingress side 
generates timing packets representing a plurality of clock 
domains associated with ingress client interfaces. For 
example, the ingress client interface is an Ethernet interface. 
At 510, the timing packets are sent to the far end transport 
equipment. 
0028 Reference is now made to FIG. 6 showing a block 
diagram of an example flow of packets through transport 
equipment at the egress side. The egress side is shown com 
prising a plurality of different client connections such as 
FC-1200 610(1), OTU2e 610(2), 10GE-LAN 610(3)), 10GE 
WAN 610(4), STM-64 610(5), OTU2 610(6), FC-8G 610(7), 
100GE 610(8), OTU4610(9), OTU3 610(1)0, 40GE 610(11), 
STM-256 610(12) and OTU3e 610(13). The outgoing client 
packets 630(1), 630(2), . . . 630(n) are data packets from 
different channels in the optical transport network. For 
example, OTUs 630(6) and 630(7) show the mapping of 
Ethernet packets over ODUx. 
0029. The optical channels 640 are transmitted by the 
Transport Equipment 2 130 via transmit ports 650(1), 650(2) 
... 650(n) and a corresponding plurality of MAC ports 660 
(1)-660(n). Each of the transmit ports may receive a transmit 
clock. The transmit clocks are de-multiplexed by clock regen 
eration circuitry 680 that generate the recovered clocks. The 
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transmit channel is coupled from the MAC port 660(1) to the 
corresponding transmit ports 650(1). Similarly, transmit 
channel 650(2) channel is coupled from the MAC port 660(2) 
and transmit channel 650(n) is coupled from MAC port 660 
(n). The channel data received from the systems ports 140 is 
then segregated with the recovered clocks for each channel. 
0030 Turning now to FIG. 7, a block diagram is shown of 
circuitry at the egress side that is configured to select a clock 
domain for each egress interface. There is a control logic 
block 700(1)-700(1) provided for each egress interface to 
segregate each recovered clock based on the received times 
tamp information for each of the K clock domains originating 
from the ingress side. The transport equipment tracks and 
maps each selected clock domain to be used on each egress 
interface. The control logic 700(i) may be implemented as 
digital logic gates in an application specific integrated circuit 
(ASIC). A microprocessor 710 is provided that is coupled to 
each instance of the control logic 700(1)-700(1) to gate the 
outputs therefrom. 
0031 Reference is now made to FIG. 8, a block diagram of 
components at the egress side transport equipment that 
recover a selected clock domain for an egress interface. The 
logic described in connection with FIG. 8 is implemented in 
the clock regeneration circuitry 480 (FIG. 6) on the transport 
equipment with the egress line cards. The recovered client 
clock on the egress side is called a slave clock 800(n). A first 
counter (Counter A) 810 is set to count to a fixed value, for 
example 256. A second counter (Counter B) 820 is the system 
reference clock for the transport equipment. A latch counter 
830 is coupled to the outputs of the counters 810 and 820. 
Every time the counter 810 is reset, the latch counter 830 
stores the value of the counter 820. The value in the latch 
counter 830 is then compared to the number received in the 
client specific packet transmitted from the ingress side. If the 
value from the second counter 830 is equal to the value that 
was transmitted from the ingress side, then the clock fre 
quency is synthesized at the correct frequency, otherwise the 
slave clock should be increased or decreased. Once the cor 
rect slave clock frequency is achieved, the clock is transmitted 
to a backplane Ethernet mapper at 840 and the channel data is 
then transmitted through to the ODU Framer/Mux 850 back 
to the client. The Ethernet mapper 840 is used only for cor 
responding client Ethernet interfaces. Additionally, the egress 
line cards may synchronize the egress MAC clocks based on 
the recovered slave clock. 

0032. Additionally, the recovered egress slave clock can 
be reset by a synchronization signal received from the ingress 
side that contains clock having timing information only. The 
transport equipment can also supporta Synchronization com 
mand to reset the clock. For example, if the transport equip 
ment at both ends supports the Synch standard, the recovered 
slave clock is passed through a Digital Phase Lock Loop 
(DPLL) to remove high frequency jitter and generate a 125 
MHZ virtual clock. The virtual clock can then be used to time 
multiple packets to Synch clients for mapping into multiple 
ODU flows. The transport equipment can Support more than 
one timing segment and more than one timing reassembly for 
Sync. 
0033 Reference is now made to FIG. 9, which shows a 
flow chart depicting operational flow at the egress side for an 
Ethernet interface. At 900, timing packets representing a plu 
rality of clock domains associated with Ethernet interfaces 
are received at the remote network device. At 910, for each of 
the plurality of egress Ethernet interfaces, one of the plurality 
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of clock domains is selected and the clock signal for the 
selected clock domain is regenerated. At 920, traffic is output 
for the plurality of egress Ethernet interfaces, each with 
respect to its selected one of the plurality of clock domains. At 
930, the traffic for the plurality of Ethernet interfaces is aggre 
gated into optical network transport frames for transport in an 
optical network. 
0034. The multiple clock synchronization techniques 
described herein may be in the form of methods as described 
herein. In addition, these techniques may be in the form of an 
apparatus and one or more computer readable storage media. 
In apparatus form, the apparatus comprises transport equip 
ment with line cards configured to transmit and receive data 
from the client and far end. The transport equipment imple 
ments control logic to determine how to aggregate and de 
segregate different client clock domains for different chan 
nels connected to the different interfaces. 
0035. In computer readable storage media form, one or 
more computer readable storage media are encoded with 
Software comprising computer executable instructions and 
when the Software is executed operable to: generating infor 
mation representing each of the clock domains received from 
the ingress line cards; transmitting the information to the 
egress line cards; generating a synchronized clock on each 
interface of the one or more egress line card using the infor 
mation Such that the synchronized clock on at least one inter 
face of the egress line card is different from the synchronized 
clock on another interface of the same or a different egress 
line card. 
0036. In method form, a method is provided for synchro 
nizing multiple clock domains from two or more clients or 
common pluggable interfaces connected to multiple inter 
faces on one or more ingress line cards to multiple interfaces 
on one or more egress line cards, the method comprising: 
generating information representing each of the clock 
domains received from the ingress line cards; transmitting the 
information to the egress line cards; generating a synchro 
nized clock on each interface of the one or more egress line 
card using the information Such that the synchronized clock 
on at least one interface of the egress line card is different 
from the synchronized clock on another interface of the same 
or a different egress line card. 
0037. A method is also provided for synchronizing mul 
tiple clock domains on multiple interfaces on one or more 
egress line cards, the method comprising: receiving timing 
packets representing a plurality of clock domains associated 
with interfaces at a remote network device; for each of a 
plurality of egress interfaces, selecting one of the plurality of 
clock domains and regenerating the clock signal for the 
selected clock domain; and outputting traffic for the plurality 
of egress interfaces each with respect to its selected one of the 
plurality of clock domains. 
0038 Still further, a method is provided for synchronizing 
multiple clocks on multiple interfaces on one or more ingress 
line cards, the method comprising: monitoring timing infor 
mation of each client traffic stream connected to an ingress 
line card; generating timing packets representing a plurality 
of clock domains associated with ingress interfaces on the 
ingress line card, wherein the timing packets comprise times 
tamps and information indicting number of client bits within 
a period of time for a corresponding client traffic stream; and 
transmitting the timing packets to an egress line card. 
0039. In addition, a system is provided comprising: first 
transport equipment configured to receive data from two or 
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more clients or common pluggable interfaces connected to 
multiple interfaces on one or more ingress line cards and 
second transport equipment comprising multiple interfaces 
on one or more egress line cards; wherein the first transport 
equipment is configured to generate information representing 
each of a plurality of clock domains associated with client 
traffic on the ingress line cards; and to transmit the informa 
tion to the second transport equipment, wherein the second 
transport equipment is configured to generate a synchronized 
clock on each interface of the one or more egress line card 
using the information Such that the synchronized clock on at 
least one interface of the egress line card is different from the 
synchronized clock on another interface of the same or a 
different egress line card. 
0040. The above description is intended by way of 
example only. 
What is claimed is: 
1. A method for synchronizing multiple clock domains 

from two or more clients or common pluggable interfaces 
connected to multiple interfaces on one or more ingress line 
cards to multiple interfaces on one or more egress line cards, 
the method comprising: 

generating information representing each of the clock 
domains received from the ingress line cards; 

transmitting the information to the egress line cards; 
generating a synchronized clock on each interface of the 

one or more egress line cards using the information Such 
that the synchronized clock on at least one interface of 
the egress line card is different from the synchronized 
clock on another interface of the same or a different 
egress line card. 

2. The method of claim 1, wherein generating a synchro 
nized clock comprises generating a synchronized clock for 
each of the multiple interfaces on an egress line card from the 
information for one or more interfaces on two different 
ingress line cards. 

3. The method of claim 1, wherein generating a synchro 
nized clock comprises generating a synchronized clock for 
each of multiple interfaces on two or more egress line cards 
from the information formultiple interfaces on an ingress line 
card. 

4. The method of claim 1, wherein generating the informa 
tion comprises generating timestamps for packets and send 
ing a client specific packet indicating the number of client bits 
in a period of time in a corresponding clock domain, and 
wherein generating a synchronized clock comprises compar 
ing the number of client bits received within a period of time 
with respect to the time-stamps. 

5. The method of claim 1, further comprising: 
resetting a synchronized clock at an egress line card by 

sending a timing only clock from an ingress line card to 
an egress line card. 

6. The method of claim 5, further comprising: 
triggering reset of a synchronized clock in response to 

receiving a synchronization command. 
7. A method for synchronizing multiple clock domains on 

multiple interfaces on one or more egress line cards, the 
method comprising: 

receiving timing packets representing a plurality of clock 
domains associated with interfaces at a remote network 
device; 

for each of a plurality of egress interfaces, selecting one of 
the plurality of clock domains and regenerating the 
clock signal for the selected clock domain; and 
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outputting traffic for the plurality of egress interfaces each 
with respect to its selected one of the plurality of clock 
domains. 

8. The method of claim 7, and further comprising aggre 
gating the traffic for the plurality of interfaces into optical 
network transport frames for transport in an optical network. 

9. The method of claim 7, wherein the egress interface is an 
Ethernet interface. 

10. The method of claim 7, wherein receiving timing pack 
ets comprises receiving timestamps for packets and a client 
specific packet indicating the number of client bits in a period 
of time for a corresponding clock domain, and wherein regen 
erating the clock signal for the selected clock domain com 
prises comparing the number of client bits received within a 
period of time with respect to the time-stamps. 

11. A method for synchronizing multiple clocks on mul 
tiple interfaces on one or more ingress line cards, the method 
comprising: 

monitoring timing information of each client traffic stream 
connected to an ingress line card; 

generating timing packets representing a plurality of clock 
domains associated with ingress interfaces on the 
ingress line card, wherein the timing packets comprise 
timestamps and information indicting number of client 
bits within a period of time for a corresponding client 
traffic stream; and 

transmitting the timing packets to an egress line card. 
12. A system comprising: 
first transport equipment configured to receive data from 
two or more clients or common pluggable interfaces 
connected to multiple interfaces on one or more ingress 
line cards and second transport equipment comprising 
multiple interfaces on one or more egress line cards; 

wherein the first transport equipment is configured to gen 
erate information representing each of a plurality of 
clock domains associated with client traffic on the 
ingress line cards and to transmit the information to the 
second transport equipment; 

wherein the second transport equipment is configured to 
generate a synchronized clock on each interface of the 
one or more egress line card using the information Such 
that the synchronized clock on at least one interface of 
the egress line card is different from the synchronized 
clock on another interface of the same or a different 
egress line card. 

13. The system of claim 12, wherein the first transport 
equipment and the second transport equipmentare configured 
to transmit information to each another using one or more of 
the following: ODUk protocol, non-ODUk protocol, optical 
transport network, Ethernet, Fibre-Channel. 

14. The system of claim 12, wherein the first transport 
equipment is configured to generate a synchronized clock for 
each of the multiple interfaces on an egress line card from the 
information for one or more interfaces on two different 
ingress line cards. 

15. The system of claim 12, wherein the first transport 
equipment is configured to generate a synchronized clock for 
each of multiple interfaces on two or more egress line cards 
from the information formultiple interfaces on an ingress line 
card. 

16. The system of claim 12, wherein the first transport 
equipment comprises a latch counter configured to generate 
the information comprising timestamps for packets and send 
ing a client specific packet indicating the number of client bits 
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in a period of time for a corresponding clock domain, and the 
second transport equipment comprises configured to generate 
a synchronized clock comprises comparing the number of 
client bits received within a period of time with respect to the 
time-stamps. 

17. The system of claim 12, wherein the second transport 
equipment comprises a controller configured to select one of 
the plurality of clock domains for a particularinterface on one 
of the egress line cards. 

18. An apparatus comprising: 
one or more egress line cards each comprising multiple 

interfaces: 
a controller configured to select one of a plurality of clock 

domains associated with interfaces at a remote network 
device for respective interfaces on the one or more 
egress line cards; 
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clock regeneration circuitry configured to synchronize cor 
responding selected ones of the plurality of clock 
domains with respective interfaces on the one or more 
egress line cards; and 

wherein each egress interface is configured to output traffic 
with respect to its selected clock domain. 

19. The apparatus of claim 18, wherein each egress inter 
face is an Ethernet interface. 

20. The apparatus of claim 18, wherein the clock regenera 
tion circuit is configured to receive the timing packets 
receives timestamps for packets indicating the number of 
client bits in a period of time for a client traffic stream at the 
remote network device, and to recover a clock signal for the 
selected clock domain by comparing the number of client bits 
received within a period of time with respect to the time 
Stamps. 


